Abstract-Managing and improving organizational capabilities is a significant and complex issue for many companies. To support management and enable improvement, performance assessments are commonly used. One way of assessing organizational capabilities is by means of maturity grids. While maturity grids may share a common structure, their content differs and very often they are developed anew. This paper presents both a reference point and guidance for developing maturity grids. This is achieved by reviewing 24 existing maturity grids and by suggesting a roadmap for their development. The review places particular emphasis on embedded assumptions about organizational change in the formulation of the maturity ratings. The suggested roadmap encompasses four phases: planning, development, evaluation, and maintenance. Each phase discusses a number of decision points for development, such as the selection of process areas, maturity levels, and the delivery mechanism. An example demonstrating the roadmap's utility in industrial practice is provided. The roadmap can also be used to evaluate existing approaches. In concluding the paper, implications for management practice and research are presented.
Irrespective of the driver for adopting an improvement framework, dealing with hundreds of requirements that the diverse standard-setting bodies impose leaves many companies confused and frustrated. Confusion has triggered calls for an overview [3] or a taxonomy of improvement frameworks [4] , [5] . A taxon suggested by Paulk [5] pertains to management philosophies, such as total quality management (TQM) and associated with it maturity assessment grids. Maturity grids can be used both as assessment tools and as improvement tools. Crosby's quality management maturity grid (QMMG) features as the pioneering example, advocating a progression through five stages: uncertainty, awakening, enlightenment, wisdom, and certainty (see Fig. 1 ).
In case of a voluntary evaluation of performance levels, companies often look for assessments that do not take too long and do not cost too much, which makes maturity grid assessments especially attractive. However, while managing organizational capabilities is a significant and complex issue for many companies and features prominently in organization literature, we nevertheless observe that the contribution of assessments using maturity grids has so far been overlooked in academic literature. It seems as if maturity grids have been in the shadow of the more widely known capability maturity model (CMM) [6] , [7] and its derivatives, including the capability maturity model integration (CMMI) [8] and the people-CMM [9] -all developed at Carnegie Mellon's Software Engineering Institute (SEI).
A. Connection Between Maturity Grids and Models
Differentiating between capability maturity grids and CMMs is difficult. While they are complementary improvement frameworks with a number of similarities, key distinctions can be made with respect to the work orientation, the mode of assessment, and the intent.
1) Work Orientation: Maturity grids differ from other process maturity frameworks, such as the SEI's CMMI, which applies to specific processes like software development and acquisition. The CMMI model identifies the best practices for specific processes and evaluates the maturity of an organization in terms of how many of these practices it has implemented. By contrast, most maturity grids apply to companies in any industry and do not specify what a particular process should look like. They identify the characteristics that any process and every enterprise should have in order to design and deploy high-performance processes [10] .
2) Mode of Assessment: Typically, an assessment using the CMMs consists, among other instruments, of Likert or binary yes/no-based questionnaires and checklists to enable assessment of performance. In contrast, an assessment via a maturity grid is typically structured around a matrix or a grid. Levels of maturity are allocated against key aspects of performance or key activities, thereby creating a series of cells. An important feature of a maturity grid approach is that in the cells it provides descriptive text for the characteristic traits of performance at each level, also known as a "behaviorally anchored scale" [11] .
3) Intent: Many CMMs follow a standard format and are internationally recognized. As a result, they can be used for certification of performance. Maturity grids tend to be somewhat less complex as diagnostic and improvement tools without aspiring to provide certification. Accordingly, the intention of use by companies differs. Companies often follow a number of approaches in parallel and a maturity grid assessment may be used as a stand-alone assessment or as a subset of a broader improvement initiative.
B. Lack of Cross-Domain Reviews
There is a lack of concerted cross-domain academic effort in understanding the limitations and benefits of maturity grids. In specific knowledge domains, there have been some studies that compare a variety of maturity assessments, mostly focusing on maturity models: Becker et al. [12] compared six maturity models for IT management, Rohloff [106] reviews three maturity models for business process management, Kohlegger et al. [13] conducted a qualitative content analysis of a set of 16 maturity models, DeBruin and Rosemann [14] presented a cross-domain review of two maturity models for knowledge management and for business process management, respectively, Siponen [15] explored three evaluations based on maturity principles in the area of information management, and Pee and Kankanhalli [16] compare maturity assessments for knowledge management. Analyses concentrate mostly on a small sample of maturity models and describe strengths and/or weaknesses of existing approaches within the respective domains, i.e., IT management, knowledge management, business process management, and information management.
Studies with a larger sample size that use maturity assessment methods to gauge the current level of a specific organizational capability in different industry sectors have been conducted, e.g., by Ibbs and Kwak [17] , Pennypacker and Grant [11] , [18] , and Mullaly [19] in the domain of project management. These studies report on a substantial interest in the development of viable methods to assess and improve project management maturity and recognize the need for synthesis among maturity assessment methods.
Each of the previous research efforts cited succeeded in comparing maturity models in specific knowledge domains or used specific maturity assessment methods to arrive at an overall level of, for example, project management within a number of industry sectors. As such, these efforts represent valuable initial steps to give researchers and industry the needed overview in their quest for awareness and perhaps synthesis of assessment methods.
Given what has been said earlier, there is a need for a crossdomain review of maturity grids and a gap in current understanding relating to underpinning theoretical concepts of maturitygrid-based assessments. The consequences of these are that new methods are developed from unsuitable foundations or that unnecessary effort is often expended in developing new assessment tools that duplicate those that already exist. Therefore, this paper aims to review existing maturity grids to provide a common reference point.
C. Lack of Guidance for Authors of Maturity Grids
Since the early 1990s and in parallel to the absence of an inter-domain academic debate, we see rapid growth in the development and use of maturity grid assessments in management practice across a number of industry sectors. Such maturity grids are developed by researchers in academia, practitioners, and consultants, and as a result, these are often proprietary or difficult to access. When examples do reach the academic literature, understandably, they are published in specialized journals relating to the domain addressed. With few exceptions, work is presented without reference to that which precedes it and new language is developed for concepts that have already been described elsewhere. Many such efforts have been criticized as ad hoc in their development [20] . It is perhaps not surprising, as in the absence of guidance, authors do what they think is best and that is often not good enough, especially considering the potential impacts of assessment results on a company's operations and employees' morale. Consequently, this paper aims to suggest a more rigorous approach to the development of maturity grids.
Recent studies intend to aid the development of maturity models. Becker et al. [12] compare six maturity models for information technology management and suggest a procedural model for their development, Mettler and Rohner [21] suggest decision parameters for the development of maturity models in information systems, Kohlegger et al. [13] compare the content of 16 maturity models, and Van Steenbergen suggest a set of questions for subsequent development of maturity models. Van Steenbergen et al. [105] propose parameters for the development of focus area maturity models. This paper complements these studies by reviewing existing maturity grids, by focusing on underpinning theoretical concepts of maturity-grid-based assessments and by guiding their development and evaluation.
D. Objectives of the Paper
The objectives of this paper are to review existing maturity grids to provide a common reference point and to suggest the parameters for a more rigorous approach to the development of maturity grids. This paper is intended for practitioners in industry and academic researchers concerned with process improvement, intervention, and change management in organizations. Both readerships might benefit from an overview of published maturity grids for assessing organizational capabilities, and potentially be introduced to grids that they had not previously seen. Furthermore, they might benefit from guidance for the systematic development of their own maturity grid.
E. Structure of the Paper
The remainder of the paper is organized as follows. Section II describes the methods used to elicit the content of this paper. Section III introduces the notion of maturity and traces its history and evolution. In Section IV, existing maturity grids are reviewed. Section V suggests a roadmap as a process for creating maturity grids. Section VI presents an illustrative example of its application. Section VII concludes the paper with the main implications for management practice and research.
II. METHODS
This section explains the rationale for selecting the review sample of this paper and furthermore describes how the suggested roadmap for the development of new and the evaluation of existing maturity grids was built up and evaluated.
A. Selection of the Review Sample
Our sampling strategy for the review consisted of the following activities: First, we keyword-searched academic databases and World Wide Web search engines. Second, we followed-up references from publications found in the preceding activity. Finally, to check comprehensiveness and gather suggestions from experts in the field of organizational studies, we sent the list of 61 grids and models to five academic scholars active in this field. Out of the list of potential models, we selected maturity grids for further analysis that fulfilled the following criteria. 1) Grid-based approach: The grids need to be akin to the original QMMG by Crosby as opposed to following a staged CMM-style. The representation in grid or matrix format using text descriptions as qualifiers is either used as underlying model and/or assessment instrument. Here, no differentiation is made between a grid, a matrix, and a table [22] . 2) Self-assessment: A number of assessment methods use an external facilitator to assign and/or decide on scores based on participants' comments and/or require a certified auditor. These approaches do not meet this criterion as this paper focuses on approaches aimed at self-assessment. 3) Publicly available: Many maturity grids are proprietary tools generated by consulting organizations. Approaches included in this review are all in the public domain and available without cost. Table I summarizes the 24 maturity grid assessments analyzed in this study, presented in chronological order of publication. Our sample consists of maturity grids developed by academic researchers, industry, and consulting firms, provided they meet the aforementioned criteria. As a result, many models that make significant contributions in their own field were not included in this review. To mention a few, for example, the Achieving Excellence Design Evaluation Toolkit [23] uses a Likert-scale and is, as defined in this paper, not a grid-based approach. Kochikar's approach in knowledge management [24] is particularly influenced by the CMM in that it is a staged approach, requiring baseline performance in certain key research areas before advancing to the next level of maturity. Further, Ehms and Langen's comprehensive model [25] in knowledge management relies on an auditor to infer the scores from participants and the learning organization maturity model by Chinowsky et al. [26] , for example, violates the first criterion as it is not a grid-based tool.
Outside the scope of the paper is also work on related terms. For example, first, technology readiness [27] , [28] and uptake of its principles, e.g., system readiness [29] or organizational readiness [107] . Second, life-cycle theories, for example, describing the adoption of a new product, technology, or service in the market, often visualized using S-shaped curves [30] , [31] ; the development of electronic data processing toward maturity (using six stages of growth e.g., [32] ) and the phases of growth organizations, in general, pass through toward maturity in the market [33] .
B. Elicitation of Guidance
The overall research approach taken for the review and suggestion of subsequent guidance is that of conceptual analysis [15] . Individual maturity grids are compared according to critical issues: the assessment aim, the selection and rationale of process areas, the conceptualization of leverage points for maturity, and administration of the assessment. In order to show how we came to a particular conclusion, relevant citations from the original material are included wherever possible. The roadmap takes the form of a description of the sequence of four process steps [34] with a set of decision points for each phase. Development of the roadmap was pursued like a design exercise in that it aimed to create an innovative artifact-a method-intended to solve an identified problem. The underlying theoretical perspective is thus design science [35] , [36] . For presentation of this paper, we have furthermore been inspired by Eisenhardt's [37] roadmap to develop theory from case studies, which alerts the reader to steps and associated decision points in the development journey.
Guidance, in the form of a roadmap with four phases and a number of associated decision points, was developed in three steps: first, more than 20 extant maturity grids for assessing organizational capabilities were reviewed. The sample contains contributions resulting from the fields of management science, new product development, engineering design, and healthcare. Second, guidance was elicited on the basis of experience from the authors of this paper. Third, two experts, who have independently developed and applied a maturity grid for assessing organizational capabilities were interviewed. Both experts have undertaken consulting work and are now pursuing academic careers in engineering and construction. Interviews were conducted to obtain further insights and to validate our results from comparing extant approaches in literature and findings from our own experience with developing and applying maturity grid assessments in small-and medium-sized companies as well as large multinational corporations from a number of industry sectors. In summary, insights from reviewed literature, the authors' own experience and the experts' feedback were used as the basis of this guide.
C. Evaluation of Guidance
The roadmap suggested in this paper was evaluated in two ways. First, application of the roadmap's use in industry demonstrates its workings. Outcomes of multiple applications of the maturity grid to assess communication at departmental interfaces given as the case example in this paper is taken as an indicator for both the roadmap's and the grid's reliability. In addition, feedback from the participants in the assessments is also taken as direct member validation [38] of the communication grid method (CGM) [71] and as indirect evidence of the roadmap's utility. Second, in connecting to the design science perspective, a further evaluation of the development method presented here is provided by applying the guidelines for devising an artifact formulated by Hevner et al. [36] and reformulated and used specifically in the context of requirements for maturity models by Becker et al. [12] (see Section VI and Table III ).
III. MATURITY
When discussing the concept of maturity, it is important to provide definitions as the language can be inconsistent and confusing. Even within one field of expertise, the concept of maturity espoused might not be one and the same. This section introduces a dictionary definition of maturity and continues by specifying what in the literature has come to be termed "process maturity," "organizational maturity," "process capability," "project maturity," and "maturity of organizational capabilities."
A. Notion of Maturity: A Dictionary Definition
Broadly speaking, there is reference to two different aspects of the concept of maturity. Firstly, there is reference to something or someone as having reached the state of completeness in natural development or growth, in other words, the "state of being complete, perfect, or ready". Secondly, there is reference to the process of bringing something to maturity, "to bring to maturity or full growth; to ripen" [39] .
It is the latter definition, which stresses the process toward maturity that interests us in the paper. How do authors of individual maturity grid assessments conceptualize a progression to maturity? Searching for answers to this question, one realizes that the concept of maturity is best discussed in connection with the context within which it has been applied.
B. Evolution of the Notion of Maturity in Literature(s)
The concept of maturity has seen widespread attention in a number of academic fields. While maturity grids have been known for some time, their popularization as a means of assessment has been more recent [19] .
1) Process Maturity:
The concept of process maturity stems from TQM, where the application of statistical process control techniques showed that improving maturity of any technical and business process ideally leads to a reduction of variability inherent in the process, and thus, an improvement in the mean performance of the process. While Crosby has inspired the notion of progression through stages towards maturity, his maturity concept as a way of measuring organizational capabilities was not formalized [5] .
2) Organizational Maturity: Through the widely adopted CMM for improvement of the software development process (CMM-SW), this concept of process maturity migrated to a measure of organizational maturity. Integral to the CMM-SW is the concept that organizations advance through a series of five stages or levels of maturity: from an initial level to a repeatable, defined, managed, and an optimizing level. These levels describe an evolutionary path from ad hoc, chaotic processes to mature, disciplined software processes, and define the degree to which a process is institutionalized and effective [6] , [40] .
3) Process Capability: Rather than measuring organizational capability with a single value, ISO/IEC 15504 measures process capability directly and organizational capability with a process capability profile. CMMI integrated both organizational maturity and process capability. Although ISO/IEC 15504 and CMMI both use capability levels to characterize process capability, their operational definitions are somewhat different. The key taxonomic distinction is between a multilevel organizational versus process measure.
Paulk [5] suggests the term organizational capability to characterize a hybrid between organizational maturity and process capability. This is different from the notion of organizational capabilities applied in this paper. In addition, irrespective of the way of arriving at an overall score either on the level of processes (process capability) or aggregate level for an organization (organizational maturity), the notion of higher levels of maturity representing increased transparency is retained [5] .
4) Project Maturity:
Perhaps since software is developed through projects, it is natural that the concept of organizational maturity would migrate from software development processes to project management, and this has been reflected in an interest in applying the concept of "maturity" to (software) project management [17] , [41] [42] [43] [44] [45] [46] . Although the focus on assessing project management using the notion of maturity has started comparatively recent, a number of alternative models have been released [18] , [19] , [44] , [47] .
While inspired by CMM-or ISO/IEC 15504-like notions of maturity, which focus on process transparency and increased (statistical) control, research into project management maturity shows variations in how maturity is conceptualized. One way to determine a mature project is by looking at what organizations and people are doing operationally [17] , [48] . Skulmoski [49] goes further to include an organization's receptivity to project management. Andersen and Jessen [47] continue in this vein and determine maturity as a combination of behavior, attitude, and competences. Maturity is described as a composite term, and characteristics and indicators are used to denote or measure maturity. In response to the many competing models, the Project Management Institute (PMI) launched the organizational project management maturity model (OPM3) program [18] as a best practice standard for assessing and developing capabilities in portfolio management, program management, and project management [50] .
5) Maturity of Organizational Capabilities:
The concept of capability has been used in strategic literature, specifically in the resource-based view to explain differential firm performance [51] [52] [53] [54] . The capability perspective hinges on the inductively reasoned relationship between process capability and business performance. This paper uses the terms organizational capabilities as the collective skills, abilities, and expertise of an organization [55] , [56] . In this vein, organizational capabilities refer to, for example, design, innovation, project management, knowledge management, collaboration, and leadership [55] . Thus, organizations can be viewed as comprised of a set of capabilities [57] , which are the skill sets that provide an organization with its competitive advantage.
While it seems potentially misaligned to have first described process maturity, followed by organizational maturity, and finally, by one example of an organizational capability, project management, before finally moving to the focus of this paper, maturity of organizational capabilities, in general, two reasons justify this sequence. First, the historic timeline of influence is maintained. Second, this body of literature engages with and shows variations in conceptualizations of maturity that would be fruitful across disciplines. Variations show that there is more than one leverage point to achieve maturity-the subject of the cross-domain review of existing maturity grids in the ensuing section.
IV. REVIEW OF UNDERLYING NOTIONS OF MATURITY IN EXISTING MATURITY GRIDS
This section focuses on the notion of maturity across the selected sample of maturity grids. Furthermore, Table I gives an overview of extant maturity grids and allows comparison with respect to the aim, the scope, the administration mechanism, the selected process areas, and most importantly, the selected maturity levels.
A. Visualization of Maturity Levels
A common principle is to represent maturity as a number of cumulative stages, where higher stages build on the requirements of lower stages. The practice, with the highest number representing high maturity and the lowest number representing low maturity, appears to have wide practical acceptance.
This evolution toward maturity has been visualized in a number of ways, e.g., using a ladder representation [47] or using a spider web representation [46] . Either way, the different steps on the ladder or the different intersections on the spider web have to be characterized and more often than not opinions about step differences diverge. Even when focusing on one application area without close examination, the assumption cannot be made that maturity levels in different maturity grids describe exactly the same concepts.
B. Review of Underlying Notions of Maturity
What makes organizational capabilities mature? There are many possibilities to answer this question, where each answer is based on a certain rationale. Such rationale is usually, whether explicitly stated or implicitly embraced, a statement about leverage points envisaged to be used in organizational change initiatives.
Directly to compare structural differences and theoretical assumptions about (organizational) maturity and conceptualizations of organizational change, excerpts of five grids concerning "coordination" and "collaboration" are selected. We discern four leverage points that have been used: 1) existence and adherence to a structured process; 2) alteration of organizational structure; 3) emphasis on people; and 4) emphasis on learning.
1) Existence and Adherence to a Structured Process (Infrastructure, Transparency, and Formality):
A number of extant grids base the selection of maturity levels on the systematic process improvement approach, underlying the five-level ranking system introduced by the SEI, e.g., [11] , [17] , [20] , [48] . Maturity is defined as "[. . .] the extent to which a specific process is explicitly defined, managed, measured, controlled, and effective" [6] . Thus, maturity is defined as the degree to which a process is institutionalized and effective [40] .
Organizations are encouraged to use existing and well-known methods and practices to progress along the maturity scale. The assumption is that the more structured a process and the more transparent in terms of measurability of performance the better. The levels range from level 1 "initial," to level 2 "repeatable," to level 3 "defined," to level 4 "managed," and level 5 "optimized," where the lowest maturity level 1 corresponds to initial or learner, and the highest maturity level 5 corresponds to a desired performance of a process of best practice. In software, for example, this translates into continuous improvement through focused and sustained effort toward building a process infrastructure. It is often assumed that at the higher levels of maturity, the process is no longer needed, as the "right" performance is embedded (see also [43] and [58] ). 
2) Alteration of Organizational Structure (e.g., Job Roles and Policy):
One structural element of how people are envisaged to work together in an organization is through the use of teams. Depending on the culture of the organization, teamwork might involve people from one discipline, it might be cross-disciplinary, it might involve customers and/or suppliers, it might be different from project to project or it might happen in a standardized way. Hammer's process audit, for example, [10] sees maturity of teamwork to evolve from "project focused" to "cross-functional," to "teamwork as norm" through to "involving customers and suppliers" (see Fig. 2 ).
For Szakonyi [59] (see Fig. 3 ), maturity seems to be an increase in knowledge about skills, methods, and responsibilities. The most mature form of collaboration between, in this case, R&D and marketing, seems to be a technical person in-charge of marketing. This imposes a specific form of organizational model as an instantiation of best practice. The description is "static" and does not indicate what aspects lead to improvement. In fact, the job role is more related to responsibilities. It could be inferred that organizational change with regard to coordination of teams is best initiated via structural changes in job roles and training in skills, and methods-which makes it also a candidate for a focus on people (see Section IV-B3).
3) Emphasis on People (Skills, Training, and Building Relationships): A number of maturity grids conceive of people as the best leverage points for an evolution toward maturity of collaboration and cooperation (e.g., Fraser et al. [73] and Constructing Excellence [60] ). Fraser et al. use a number of bullet points for each text description addressing different aspects (see Fig. 4 ). For collaboration strategy, within level 2 (occasional ad hoc partnering), one bullet point reads "no agreed policy." Under level 3 (established partners), we find a bullet point that reads "internal skill shortages clearly recognized." Reading through the cell descriptions from the lowest to the highest level of maturity, the underlying assumption is that successful collaboration is fostered through long-term relationships, and structured and strategic relationship planning, most importantly incorporating external partners into the core team (see Fig. 4 ).
Text descriptions in Constructing Excellence [60] (see Fig. 5 ) embrace the underlying notion that "the more interchange and participation is practiced among teams the better," regardless of the specific task. Further, "lack of trust" and "power struggles" are placed at the lowest level of maturity. The underlying assumption seems to be that organizational change could be successful by focusing on interventions in the social relations among employees, in contrast to structural changes, as we have seen earlier.
4) Emphasis on Learning (Awareness, Mindset, and Attitude):
Strutt et al. [61] and Maier et al. [62] operating in very different application areas have chosen to adapt ideas from the concept of single-and double-loop learning [63] , [64] in order to discriminate between the maturity levels. These authors have a shared rationale, but operationalization is different. Strutt et al. [61] Fig. 6 ) chose an underlying maturity concept progressing toward raising awareness for adequate actions and attitudes. The underlying notion of change seems to be that proactive collaboration (Level C) is favored over reactive (Level B). Ultimately, mapping of the current and desired situations is aimed for irrespective of the specific levels.
In summary, the aforementioned analysis shows how the same subject is conceptualized in different ways. Cell descriptions "reveal" the researchers' views of an organization, its processes, people, and products. Conceptualizations impact organizational change initiatives as they specify leverage points. While some maturity grids can be clearly placed, others, e.g., Szakonyi [59] use a mixture of organizational structure and emphasis on people as leverage points for capability improvement.
V. ROADMAP: PHASES AND DECISION POINTS
In order to develop sound maturity grids, we suggest a roadmap consisting of four phases: planning, development, evaluation, and maintenance, as depicted in Fig. 7 . For each phase, a number of decision points and decision options are discussed. While these phases are generic, their order is important. Progression through some phases may be iterative and earlier work might have to be re-visited. Although courses of action with respect to decision points within the phases of this roadmap may vary, the phases are consistent. Consequently, they lend themselves to being applied across multiple domains. The following sections describe each of these phases, decision points and options in more detail. Although predominantly aimed as guidance for future developments of maturity grids, the roadmap may be used for evaluative purposes of existing assessments. Given differing contexts of development and application, differing performance goals, and perspectives on organizational development and change, the subject matter does not lend itself to all-encompassing prescriptions and specific instructions for navigation among different options. Instead, the roadmap alerts researchers and practitioners to a set of decisions, which need to be taken and made explicit when developing a maturity grid.
A. Phase I-Planning
Phase I, the planning phase, sees the author of a maturity grid decide on the intended audience (user community and improvement entity), the purpose of the assessment, the scope, and success criteria. Each decision point will be described in turn.
1) Specify Audience:
The first important decision when developing maturity grids is to specify the work orientation, i.e., who the expected users are. The term audience refers to all stakeholders, who will participate in various aspects of the assessment, be it for the data acquisition process, as implementer of results, or as the subject of the assessment, also known as the improvement entity. Multiple audiences may be addressed for varying reasons. A quality manager or product development engineer, for example, might be the target audience for providing information on the capability to be assessed. The improvement entity, however, could be the whole research and development department. Further, the whole assessment exercise might be aimed to provide recommendations for the Chief Executive Officer's corporate planning.
For reasons of clarity and accuracy of interpretation, it is necessary to differentiate between audiences, e.g., the users and the improvement entity. Decisions will have both logistical and conceptual implications. Logistical implications concern predominantly time and resource constraints relating to the participants and facilitator of the assessment. Conceptual implications relate mainly to validity, reliability, and generalizability of the assessment and address questions, such as: can one person in the company judge or decide alone for the company in question? Can results acquired from one group of employees be transferred to hold true for a different group?
2) Define Aim: Categorizations of software improvement initiatives seem to distinguish between two "improvement paradigms": an analytic and a benchmarking one [65] , [66] .
The analytic one aims for evidence to determine what improvements are needed and whether an improvement initiative has been successful. It includes general management philosophies, such as Crosby's TQM, which are general principles applicable in almost any context. The benchmarking one depends on identifying best practices and/or an "excellent" organization in a field to which practices are compared. It specifies best practices that have been demonstrated to add value in a particular context and have been explicitly stated in models and standards, of which improvement based on ISO 9001 or CMMI are examples. Analytic and benchmarking strategies can be complementary [5] . Both may lead to a measurement-based strategy, which means that processes (and systems) are measured and compared to objectives set by management or industry standards in order to identify which processes need to be improved.
Even though, accordingly, maturity grids are analytic strategies, it is evident that in existing examples two overarching aims can be identified; first, improvement through "raising awareness," and second, improvement through "benchmarking" across companies or industry sectors. Benchmarking includes comparison against an identified best practice example and making statements about performance of a whole industry sector in terms of a certain process or capability. Benchmarking seems to incorporate "raising awareness," but not vice versa. In order for a grid to be used to benchmark processes and capabilities across an industry sector, it must be applied to a high number of companies with similar parameters to attain sufficient data for valid comparison.
3) Clarify Scope: An author needs to determine the scope of the grid. Is it designed to be generic or domain-specific? For example, is a grid developed to assess and improve energy management in general or in a particular discipline, e.g., construction? If it is supposed to be domain-specific, it is especially important to gather information about the context, the idiosyncrasies and terminology of the specific domain in order for it to be understood by and of relevance to the audience.
4) Define Success Criteria: How do authors of maturity assessments know whether development and application was successful? One way would be to check whether success criteria have been fulfilled. Success criteria need to be determined at the outset and manifest in the form of high-level and specific requirements. Assessment methods are intervention methods. High-level requirements for an intervention method developed in managerially focused action research [67] are, for example, usability and usefulness. Usability mainly addresses the degree to which users understand the language and concepts used [68] . Usefulness could be seen in terms of companies' perceptions of whether they found the assessment helpful in stimulating learn effects or in leading to effective plans for improving a certain situation. Specific requirements pertain to the individual context and are also influenced by the underlying theoretical stance used by the author of a maturity grid (see Phase II). The requirement list needs to incorporate the developer's and the user's objectives.
B. Phase II-Development
Phase II, the development phase, defines the architecture of the maturity grid. The architecture has a significant impact on its use. An author makes decisions about the process areas to be assessed, the maturity levels (rating scale) to be assigned, the cell descriptions to be formulated, and the administration mechanism to be used.
1) Select Process Areas (Content):
Selecting process areas is arguably one of the most difficult aspects of devising a maturity grid. The goal is to establish key process areas that are mutually exclusive and collectively exhaustive. An effective assessment should be based on an underpinning conceptual framework, generated from (traceable) principles of good practice [69] . Inevitably, the selection of process areas yields insights into the authors' conceptualizations of the field. The conceptual framework underlying the assessment method determines the scope of the assessment.
In a number of existing grids, justification of process areas is based on the experience in the field of the originator [10] , [59] , [70] and by reference to established knowledge in the field, e.g., in the domain of project management, the PMI's knowledge areas are referred to (for example, as in Grant and Pennypacker [11] ). In the absence of significant prior experience, and in a relatively new field, it may not be possible to gather sufficient evidence through existing literature in order to derive a comprehensive list of process areas. In this instance, a literature review is considered only sufficient in providing a theoretical starting point and other means of identification are necessary. Typically, a number of options are available. Selection of the most appropriate technique/s depends on the stakeholders involved in the grid development and the resources available to the developer or development team. Process areas may be solicited by interviewing a panel of experts, synthesizing the most critical and most frequently mentioned concepts in literature, and/or a combination of the two in either order [71] . Alternatively, understanding and recognizing organizational process goals may be a point of departure for defining the key processes [61] . This could proceed as follows: first, defining associated goals, which are considered necessary to achieve the organization's overall objective. Then, from the goals, key process areas can be derived. For example, one could break safety management down into safety demonstration, safety implementation, strategies relating to sustaining companies' capabilities in the long-term, etc., and find processes associated with these categories that show strategic and operational significance. The number of selected process areas is dependent on the subject chosen, and thus, also exhibits great variation. For reasons of feasibility and logistics, an appropriate number of items for such an assessment method is about 20 [72] (see also examples in the review sample in Table I) .
2) Select Maturity Levels (Rating Scale): The next step in the development of a maturity grid is to define a set of maturity levels. Different assessment frameworks use different rating scales. For example, ISO 9001 measures compliance with all requirements on a binary pass/fail scale (with scope for minor nonconformance). The Baldrige Award offers points for each implemented requirement. The software CMM, having been inspired by Crosby's maturity grid and motivated by the lack of formalization in measurement, introduces the concept of organizational maturity as an ordinal scale for measuring capability. An explicit statement of the underlying rationale and consistent implementation of a maturity grid is required to provide theoretical rigor. Levels need to be distinct, well defined, and need to show a logical progression as clear definition eases interpretation of results.
Deciding on what rationale informs the rating scale essentially means deciding on a leverage point for organizational change. Referring to the review on existing maturity grids in Section IV, we discern different underlying notions, namely: 1) existence and adherence to a structured process (e.g., infrastructure, transparency, and formality); 2) alteration of organizational structure (e.g., job roles and policy); 3) emphasis on people (e.g., skills, training, and building relationships); 4) emphasis on learning (e.g., awareness, mindset, and attitude). In some examples, we find a mixture (see review in Section IV).
3) Formulate Cell Text (Intersection of Process Areas and Maturity Levels):
Identification and formulation of behavioral characteristics for capabilities or processes is one of the most important steps in developing a maturity grid assessment. Process characteristics need to be described at each level of maturity. To discriminate between levels, descriptions should be precise, concise, and clear. This requires: 1) a decision on whether the cell text is "prescriptive" or "descriptive"; 2) a justification of the information source; and 3) a decision on the mechanism of formulating the text descriptions.
a) Prescriptive or descriptive: In a prescriptive approach, specific and detailed courses of action are suggested for each maturity level of a process area. For a descriptive approach, the focus is on a detailed account of the individual case and concerns for direct comparability of results between application cases are less paramount. The choice also has an impact on maintenance, since detailed activities, if not sufficiently generic, need to be maintained for relevance and accuracy. In summary, there are a number of aspects to consider, e.g., the underlying rationale, characteristics, and knowledge of the subject area.
The subject area might be technical or social. Prescribing detailed activities of what should be done at what stage is easier for technical issues. For example, if deciding on energy management, specific regulations can be used, whereas for a social issue, such as teamwork, a generally acceptable and widely applicable detailed prescription might be more difficult.
In addition to the consideration of whether a subject area is more technical or more social in nature, DeBruin and Rosemann [14] point to another consideration, which asks whether a field is well established or new. Given the answer, different actions can be taken to define individual cell descriptions and even maturity levels. Actions include, for example, a top-down or a bottom-up approach [14] . In a top-down approach, definitions are written first, and then, measures or a set of practices are developed to fit the definitions. In a bottom-up approach, the requirements and measures are determined first, and then, definitions are written to reflect these. A top-down approach works well if the field is relatively new and there is little evidence of what is thought to represent maturity. The emphasis, in this instance, is first on what represents maturity, and then, how this can be measured.
b) Information source: A number of options are available to formulate the text descriptions in each cell: 1) by synthesizing viewpoints from a sample representing the future recipients of the assessment; or 2) by reviewing and comparing practices of a number of organizations, for example, through empirical studies, reviewing written case studies in literature, and best practice guides from excellence initiatives. c) Formulation mechanism: There are two mechanisms to formulate the actual cell text as rating scale. One is to identify extreme ends of the scale, i.e., best and worst practices, and then, to determine characteristics of all the stages in between. In this case, key tasks and procedures considered to represent best practice should be based on discussion with relevant stakeholders and experts in the field. This strategy assumes that the rationale for individual cell descriptions is inductively generated from the descriptions of practices. Alternatively, individual text descriptions for the cells in each selected process area to be assessed are deduced from the underlying rationale and formulated accordingly. However, this depends on the decision as whether a definition is prescriptive or descriptive in nature.
4) Define Administration Mechanism:
The administration mechanism of a maturity grid is integral to the success of the assessment. In choosing a mechanism, consideration needs to be given to the aim of the assessment, and the resources and support infrastructure available for conducting the assessment. This decision point is important because different delivery mechanisms emphasize different aspects. In reviewing extant approaches, the choice of delivery method appears to be connected to the general goals and objectives of the assessment. Approaches aiming at raising awareness and improving performance that way appear to select paper-based distribution mechanisms, be it through interview and/or group workshops [62] , [67] , [73] . Approaches aiming at benchmarking seem to prefer electronic distribution systems for questionnaires to reach a wide variety and large number of participants [11] , [20] . A combination of the two is possible.
a) Focus on process (raising awareness): Individual scores are taken as prompts for a discussion and identification of steps for improvement. A facilitated workshop can enable participants to discuss what influenced their judgment in scoring a process area and why might it deviate from his or her colleagues' perception. Overall, the emphasis lies on the (discursive) process of arriving at the result.
Completion of the grid in a group-administered workshop [67] , [71] , [74] has a number of advantages. The response rate is high and single-respondent bias can be avoided. Further, if respondents are unclear about the meaning of a term, they can ask for clarification. This ensures participants have a common reference point, which facilitates interpretation of the resulting scores. As each process area on the grid is addressed in a group, the workshop also functions as a team-building exercise [69] . Finally, face-to-face interaction in groups elicits a higher level of iterative engagement with the subject area than a questionnaire that is completed individually.
b) Focus on end results (benchmarking):
Scores are collated to give an overall assessment of the capability and an overall maturity level for the project, business unit, company, or any other chosen improvement entity. An overall assessment assumes that all processes are of equal importance. However, as individual scores for each process are averaged out, aggregation of results can mask potentially outstanding performance in one area or potentially weak performance in another. It also obscures differences in individual scores, which are often interesting intervention points. Overall, when benchmarking, emphasis lies on the end result.
In either case, the main value of a maturity grid-based assessment is to capture a companies' own evaluation of the situation. Participants' scores might be used as motivational driver for management to change the maturity level of their team, project, or organization and organizational capabilities.
C. Phase III-Evaluation
The transition from Phase II to III is fluid. Grids are likely to evolve over time, where, through continued use, difficulties or limitations may be revealed [61] , [67] . As the assessment is used and feedback gained from the experience of companies, the grid should be iteratively refined. Evaluations may be continued until a saturation point is reached, i.e., until no more significant changes are being suggested by participants and/or until evaluation results are satisfactory. The first applications of the assessment should ideally be treated as a final stage of evaluation.
Thus, Phase III-evaluation, is an important stage in the development of a maturity grid and serves a number of functions. For example, tests are used to validate the grid, to obtain feedback on whether the grid fulfilled the requirements when applied in practice, and to identify items for refinement. Ideally, evaluations are conducted within companies or institutions that are independent of the development. During this phase, it is important to test input into the grid (choices made during Phases I and II) for validity and the results acquired by applying the grid in practice for correctness-in case of benchmarking also for generalizability.
1) Validation:
Once a grid is populated, it must be tested for validity and relevance. This includes checking whether good translations of the constructs have been achieved. In other words, evidence needs to be given for correspondence between the author's findings and the understandings of participants of the assessments. Acknowledging its difficulty and allowing for an element of subjectivity, the maturity grid needs to be tested for breadth of the domain covered. This requires a degree of agreement on what particular elements need to be included or excluded, justifying the use of the theoretical framework underlying the selection of process areas (Phase II).
In addition to testing the content of the grid for validity, it is necessary to ensure that the results obtained through applying the grid "in the field" are correct, accurate, and repeatable. A case study approach to method evaluation may be employed. Although case studies cannot provide the scientific rigor of formal experiments, they can provide sufficient information to help judge if specific methods will benefit a project or an organization [76] . If benchmarking is desired, results acquired through the assessment need to be tested for generalizability.
2) Verification: In terms of verification, through application, the method developed needs to be evaluated against the success criteria and requirements defined during Phase I-planning.
D. Phase IV-Maintenance
Phase IV, the maintenance phase, is an ongoing phase. Continued accuracy and relevance of a maturity grid will be ensured by maintaining it over time. Access and provision of necessary resources to maintain the grid will affect its evolution and use. Maintenance becomes necessary as domain knowledge and understanding broadens and deepens. Similarly, current best practice becomes outdated as a result of, for example, new technological developments. Maintenance is especially necessary if detailed and prescriptive activities have been specified in the cell text. For example, if a certain limit for CO 2 emissions was specified in the grid, current regulation might require a different limit, and thus, mandate adjustment. Documentation and training material is required, especially if the facilitator of an assessment is not the author.
In addition, if the tool was developed for benchmarking purposes, it is particularly important to ensure accurate data storage and retrieval. In general, while regular maintenance is recommended, updating a tool to reflect current best practice can compromise validity. Hence, if substantial changes are made after a tool has been formally evaluated, the evaluation phase needs to be repeated.
Finally, maintenance includes adequate documentation and appropriate communication of the design process and results to the academic community and findings from application cases to (participating) practitioners.
E. Summary of All Phases and Decision Points
Decision points during all phases are summarized in Table II . If desired, each decision point allows for participative involvement of the user. Having described the roadmap's four phases and their respective decision points and options, Section VI introduces an illustrative example of its implementation in practice.
VI. EXPERIENCE IMPLEMENTING THE ROADMAP
Spanning four years of development and application, we devised a maturity grid to assess communication management in engineering design [62] , [71] and named it the communication grid method (CGM). Development of the maturity grid progressed by alternating between cross-domain literature reviews and empirical field studies in eight companies. Three exploratory studies were conducted during Phase I (planning) and Phase II (development), and five applications were undertaken during Phases II and III (evaluation). In what follows, the development process is described in detail, following the phases and decision points of the roadmap suggested in the previous section of this paper.
A. Phase I-Planning
Exploratory studies on communication in new product development were conducted in three companies in the aerospace, IT, and engineering tools sectors. This comprised a total of eight weeks of observation and 63 semistructured face-to-face interviews with junior engineers and senior personnel.
1) Specify Audience:
Interview results showed that misalignment of perceptions on factors influencing communication occurred predominantly at team interfaces. Therefore, the assessment tool needed to aim mainly at communication across one interface. The improvement entity was therefore to be communication across the specified team or department interface, the results were to be aimed at the same people providing the scores.
2) Define Aim: Human communication in complex product development projects sees manifold configurations of people, products, and processes, which makes each communication situation different. Best practice benchmarks or generally applicable indices for communication, against which a particular situation can be compared, are perhaps impossible to find. Therefore, the assessment purpose chosen was to raise awareness amongst participants and diagnose improvement opportunities for their current practices.
3) Clarify Scope: The primary goal was to be domainspecific, i.e., the assessment was predominantly aimed at communication within engineering firms. The focus on factors influencing communication at a team or departmental interface rather than centered on a particular product development phase also enabled cross-domain assessment.
4) Define Success Criteria:
A number of success criteria in the form of high-level and specific requirements were defined of which a few are mentioned in what follows. In general, the maturity grid was to be usable by and useful for industry. Success TABLE II  DECISION POINTS AND DECISION OPTIONS FOR THE DEVELOPMENT PHASES OF A MATURITY GRID criteria for usability pertained to clarity of language used and ease of scoring and analyses functions provided. Usefulness was determined by the tool's ability to trigger reflection and learning episodes among the participants of the maturity grid assessment.
As an example for a high-level requirement that emerged through interview, we would like to mention different conceptualizations of communication. Design engineers and engineering managers were asked to describe their daily design tasks in general and their interactions with colleagues in particular. Descriptions and explanations of their work yielded a number of communication problems. Descriptions suggest that interviewees focused in their personal conceptualization of communication problems on different aspects. Some focused on the information to be selected, some focused on the act of information transmission (the interaction or utterance), some highlighted understanding of the situation as a key aspect, and some mentioned a combination of the above. These aspects are complementary. Thus, the maturity grid method needed to incorporate many aspects of communication and raise awareness of precisely those. This is important as foci (subconsciously) chosen determine the solution space.
As an example for a specific requirement, during interview, engineers mentioned a myriad of factors, ranging from individual capabilities and information handling skills to differences in format of information representation, mutual trust, roles and responsibilities, decision making, handling of technical conflicts, hierarchies, overview of sequence of tasks, and terminology. Many engineers contended that it would be difficult to intervene as they were uncertain, which factor to start looking at first. Consequently, the maturity grid assessment needed to provide multiple entry points for organizational change.
B. Phase II-Development
The roadmap reminds the developers of maturity grids to theoretically ground their selection of process areas and maturity levels, which influences the formulation of the cell text and ultimately forms the basis for assessment. The rationale underlying the selection of process areas for the CGM is Luhmann's system-evolutionary communication theory and the selection of the maturity levels is grounded in Argyris' and Schön's learning theory. Details are described in what follows.
1) Select Process Areas:
The predominant objective was to assess design communication within engineering firms. Although communication is one of the oldest fields of human inquiry-starting out with Aristotle's rhetoric [77] -there is no canon of theory to which all scientists refer. Literature on communication theory is rich yet disparate with little cross referencing. In addition, if one looks at review articles or textbooks, ordering criteria are different. For example, Littlejohn [78] grouped contributions to communication theory according to their disciplinary origins, Craig [79] identified streams of communication research, such as "cybernetic" and "critical" to name a few, and Miller [80] differentiates between communication theories that focus on perspectives, processes, and contexts. Anderson [81] analyzed the contents of seven communication theory textbooks and identified over 200 distinct "theories" of which only 18 of the 249 (7%) were included in more than three books.
This said and referring to an elicited high-level requirement of addressing and assessing the comprehensiveness of communication (see previous section), informational, interactional, and situational aspects cannot be viewed in isolation. A perspective that integrates all aspects is the system-evolutionary perspective, which advocates the generation, evolution, and reproduction of social systems through communication. Engineering design is considered as a social system [82] , [83] and communication is seen as being a constitutive part of a social system [79] , [84] . The view of the structure generating function of communication has been proliferated through works of Krippendorff [85] . The perspective of system generation through communication finds a vocal proponent in the late sociologist Luhmann [84] . Communication, encompassing the three aspects information, utterance, and understanding, constitutes an emergent property of the interaction between many (at least two) individuals and is characterized in this view as coordination of behavior.
A number of factors influence this coordination of behavior. Inductive "coding" of interview data (see Phase I) yielded more than 40 factors influencing communication. Factors included, for example, individual capabilities and information handling skills to differences in format of information representation, mutual trust, roles and responsibilities, decision making, handling of technical conflicts, hierarchies, overview of sequence of tasks, and terminology. They were grouped under the headings "product," "information," "individual," "team," and "organization" [75] , and subsequently, mapped against Luhmann's three aspects of communication. The resulting framework presents a comprehensive, arguably, not exhaustive, and selection of factors that forms input to the audit method. Factors are seen as levers for change, and thus, form the process areas to be assessed.
The roadmap suggests using more or less 20 process areas in order for it to be a feasible assessment. Therefore, it was decided to use a modular system and have a base of about 40 process areas of which a selection would be used in negotiation with the users.
2) Select Maturity Levels: From a system-theoretic perspective, it is particularly important to choose an approach that triggers internal processes within the system under assessment. Change can be initiated, yet not fully controlled. Change initiatives, however, are only processable if they are phrased in the "language of the system" [84] . Social systems develop their own perceptions of reality, which they use to orientate and position themselves in relation to their environment. This perception of reality creates the system's knowledge base, which, at the same time, functions as indicator and benchmark for its own behavior. Learning is the act of developing this knowledge base further. It occurs on both individual and organizational levels. In the most successful cases, learning leads to a coherent reality construction of a system, and thus, the system development keeps up with changes in the environment [86] .
Therefore, the maturity levels were based on an adaptation of the three learning types described by Argyris and Schön [63] , [64] . In addition to these three learning types, an extra, preliminary stage was added.
1) Level A: It describes situations, where participants do not engage with the questions asked in the grid, i.e., they do not reflect on the connection between the factor in question and communication. 2) Level B: It corresponds with the first type of learning described by Argyris and Schön, and points out that some action is changed in order to correct a mistake, but other than that tasks are carried out as usual. 3) Level C: It matches Argyris' and Schön's second type of learning: people at this stage, modify their actions, as well as thinking critically about existing norms, procedures, policies, and objectives that govern their actions. This means that a mistake is not just corrected once, but that the general situation that led to a mistake is taken into consideration. 4) Level D: It corresponds to the third type of learning and signifies a stage, where employees are aware of the influence of a given factor on communication and continuously check whether the way things are handled or setup is still appropriate for the given situation. At this stage, learning does not only happen when a mistake needs to be corrected: participants have the general mindset of continuously adjusting and improving the situation. Given the complexity of communication and the unique nature of each project and each company, it is difficult to specify in detail what behavior every team should adopt. Therefore, it should be noted that stage "D" is not necessarily the best. Participants decide what is most adequate for the given project and resources available.
In summary, the concept of learning permeates the assessment approach put forward here in two ways: first, individual participants in the assessment will learn about their colleagues' perceptions by going through the assessment exercise. Second, maturity levels in the assessment follow the underlying rationale of specific learning types.
3) Formulate Cell Text: Once the factors that influence the communication process and levels of maturity assigned to each factor were identified, matrices of cells (scorecards or grids) were devised. In this case, a set of about 10 scorecards resulted. An example of one factor is shown in Fig. 6 . Aiming to use the right language, the authors first suggested the cell descriptions, and subsequently, elicited feedback from users until no more hesitations of people scoring occurred. This was a laborious process of iterative refinement.
4) Choose Administration Mechanism: Our main emphasis was to enable learning by following the assessment. Due to the tradeoff between time and cost constraints and wanting to situate numerical scores within the context of occurrence, we experimented with a number of administration mechanisms. In the end, individual 30-min interviews were combined with a 2-h group workshop in which the result of the completed scorecards, causes and solutions for identified problem areas and gaps between the current and desired states were discussed.
C. Phase III-Evaluation
The CGM was applied to the following interfaces: 1) software and service design developing middleware (Application Case 1: information technology); 2) the management team of a small engineering company (Application Case 2: engineering tools manufacturer); 3) design and service of an aero engine (Application Case 3: aerospace manufacturer defense); 4) embodiment design and simulation of the design of an automotive vehicle series (Application Case 4: automotive manufacturer); 5) preliminary design and detail design of an aero engine turbine blade (Application Case 5: aerospace manufacturer civil). Development and evaluation of the CGM evolved through rounds of iteration between each application case. We used member validation [38] to obtain feedback on the outcome of the assessment (reliability of results) as well as, for example, functionality and usability of the method. After each application, the results were fed back to the participants of the studies through workshops, a final presentation, and in some cases, a written report. Repeatedly, participants felt the results accurately represented the actual status of communication between the team interfaces chosen. This ensured reliability. The method itself was evaluated according to set criteria, such as functionality and usability, usefulness and learn effect, triggering reflection, and correctness of results obtained [68] , [69] . Findings from verbal feedback were cross-referenced with a questionnaire using the same criteria and completed by the same participants. For a comprehensive description refer to Maier [75] . In addition to feedback from experts in industry participating in the studies, feedback was also sought from experts from two engineering consultancies and engineering design researchers from a variety of universities. The different respondent groups were chosen because a single group of respondents could not properly replicate broader use in industry or judge scientific purpose. As research progressed and predominantly during the three early application cases after which the design was frozen, subtle changes were made to the list of process areas, the number of interfaces assessed at any one time, and the administration mechanism. Description of the development process reflects the final design of the maturity grid.
D. Phase IV-Maintenance
The CGM aims to raise awareness. It may compare teams and departments within companies with each other, rather than positing a best practice benchmark. Cell text is descriptive, and therefore, the maturity grid will remain up-to-date. The development process was documented and communicated to scientific audiences through peer-reviewed publications. Documentation of results from the application cases were made available to participating industry partners.
Following the roadmap in the development of the communication grid gave us a clear structure for development. It also meant that both the authors and the users of the assessment method knew what we were expecting and could therefore define the rules of engagement and estimate time and effort.
In keeping with the design science perspective underlying this paper (see Section II), a further evaluation of the CGM and the suggested roadmap for development of such maturity assessment methods was undertaken (see Table III ). We followed the guidelines for devising an artifact formulated by Hevner et al. [36] and reformulated and used specifically in the context of requirements for maturity models by Becker et al. [12] .
VII. SUMMARY AND CONCLUSION
This paper has discussed various notions of maturity, i.e., "process maturity," "organizational maturity," "process capability," "project maturity," and "maturity of organizational capabilities" (see Section III). It presented a comprehensive overview of 24 extant maturity grids that build on the ideas of Crosby's QMMG from the late 1970s (see Section IV). In reviewing, particular emphasis was placed on analyzing embedded assumptions about organizational change in the maturity scales of the examples reviewed. As direct comparison, leverage points for maturing collaboration as an organizational capability were shown to be one or a combination of: existence and adherence to a structured process (e.g., infrastructure, transparency, and formality), alteration of organizational structure (e.g., job roles and policy), emphasis on people (e.g., skills, training, and building relationships), and/or emphasis on learning (e.g., awareness, mindset, and attitude). This shows that combining different perspectives and measures of "goodness" for one and the same process or capability is difficult. Assessing maturity will, therefore, perhaps always be more subjective than objective [47] .
While the number of maturity grids and models is growing, there is little support available on how to develop these approaches to organizational capability assessment and development. To address this issue, the paper also provided a fourphase roadmap for developing maturity grids (see Section V) and showed the roadmap's implementation in industry with an illustrative example (see Section VI). This roadmap is a first attempt at identifying and synthesizing phases and decision points that may be useful to both authors of assessment grids and implementers, who need to handle the multimodel environment. It provides the parameters within which professional development of a maturity grid might occur. Further, it provides the parameters within which professional judgments for evaluation of existing grids might be made. However, it cannot, and does not aim to provide the answer to every dilemma an author of a grid may face. Decision points and options provide instances for reflection to ensure appropriate courses of action when developing new or evaluating existing maturity grids. Such instances occur, for example, when selecting process areas and facing the issue of academic rigor versus logistical feasibility, and thereby, practical utility. For academic purposes, the list of process areas chosen needs to be comprehensive, complete, correct, consistent and, above all, theoretically justified. For industrial applicability, however, certain flexibility for adaptation and tailoring needs to be designed into the method. It is necessary to strike a balance between developing an exhaustive method and a usable one.
A. Implications for Industrial Practice
Maturity grids are built upon conceptual models that in their own rights provide insights into the author's perspective of the factors important in an organization. Thus, the maturity grid-based assessment methods collectively offer a contemporary representation of different conceptualizations of organizational practices and capabilities that are viewed as important for success. In addition, this review presents an overview of the different maturity grid approaches available to assess organizational capabilities and initiate change processes at a given point in time. This provides organizations with a better understanding of existing capabilities and enables benchmarking against a range of competitors. While maturity grids may share a common structure, their content differs and very often they are developed anew. This paper provides a common reference point and guidance for the evaluation of existing grids and the development of new grids. It alerts both the novice and expert user to the potential decisions to be addressed at the start of the development of a maturity grid assessment tool.
B. Implications for Research
The maturity grids selected all embrace the notion that successful organizational change can be triggered and/or achieved by an assessment of practices. Most maturity grids are based around the underpinning assumption that key organizational capabilities need to be rooted in codified business processes. Thus, there is an acceptance that business processes are beneficial and necessary. However, the underlying idea of "cause and effect" might be fallacious because the processes under assessment are in many cases social processes that do not follow simple cause and effect patterns [87] . Careful analysis is necessary, however, to discern whether maturity grid methods fall into a naturalistic-mechanistic perspective that holds processes to be fully quantifiable and controllable. Given the variety of maturity grids available, the skeptical observer would wisely enquire as to the basis upon which each maturity grid is founded. A number of perspectives on organizational change-certain ideas of goodness based on certain paradigms of goodness-are embedded in the rating scales of maturity grids. The overview, analysis, and suggestions provided here gives a background for research into theory building on the development of maturity grids and for research into management tools as interventions in organizations.
